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METHOD FOR MAKING FLUID EMITTER ORIFICE 

BACKGROUND OF THE DISCLOSURE 

[0001] Photo-resist etching is often used to create micro-structures in 
micro-electronic devices. For example, photo-resist etching is used to create 
micro-fluidic chambers, including ink manifolds and firing chambers, in a barrier 
layer of a fluid ejector such as an ink-jet print head. Photo-resist etching is 
used to form nozzles or fluid-transfer bores in an orifice layer arranged above 
the barrier layer of an ink-jet print head. 

[0002] Counter-bores formed at the exit of a fluid-transfer bore or nozzle can 
reduce or prevent damage to the exit geometry of a nozzle caused by wiping 
and can extend the useful life of a fluid ejection device. The counter-bores can 
reduce or prevent, for example, ruffling of the nozzle exit and reduce or prevent 
fluid trajectory problems associated with puddling. Counter-bores are formed, 
for example, by laser ablation, which may increase production costs. 

[0003] Exemplary methods of forming manifolds, chambers and other 
features in photo-resistive orifice plates and/or barrier layers are discussed, 
for example, in US Patents 6,162,589 (Chen et al.) and 6,520,628 
(McClelland et al.). Ink jet print heads with nozzle counter-bores formed by 
laser ablation are described, for example, in commonly assigned U.S. Patent 
6,527,370 B1 (Courian et al.). 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] Features and advantages of the invention will be readily appreciated by 
persons skilled in the art from the following detailed description of exemplary 
embodiments thereof, as illustrated in the accompanying drawings, in which: 

[0005] FIG. 1 illustrates a cross-section of an exemplary embodiment of avoid 
in a layer of photo-resist. 

[0006] FIGS. 2A-2E illustrate cross-sections of an exemplary embodiment of a 
layer of photo-resist during an exemplary process for forming a void in the 
layer. 

[0007] FIGS. 3A-3C illustrate cross-sections of an exemplary embodiment of a 
layer of photo-resist during an exemplary process for forming a void in the 
layer. 

[0008] FIGS. 4A-4D illustrate cross-sections of an exemplary embodiment of a 
layer of photo-resist during an exemplary process for forming a void in the 
layer. 

[0009] FIG. 5A illustrates an exemplary process flow in an exemplary 
embodiment of a process for forming a void in a layer of photo-resist. 

[0010] FIG. 5B illustrates an exemplary process flow in an exemplary 
embodiment of a process for forming a void in a layer of photo-resist. 

[0011] FIG. 5C illustrates an exemplary process flow in an exemplary 
embodiment of a process for forming a void in a layer of photo-resist. 
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[0012] FIG. 6A illustrates an exemplary embodiment of a layer of photo-resist 
disposed on a substrate. 

[0013] FIG. 6B illustrates an exemplary embodiment of a layer of photo-resist 
with a void. 

[0014] FIG. 7A illustrates an exemplary embodiment of a layer of photo-resist 
disposed on a substrate. 

[0015] FIG. 7B illustrates an exemplary embodiment of a layer of photo-resist 
with a void. 

DETAILED DESCRIPTION OF THE DISCLOSURE 

[0016] In the following detailed description and in the several figures of the 
drawing, like elements are identified with like reference numerals. 

[0017] FIG. 1 illustrates an exemplary embodiment of a layer 1 of cross-linked 
photo-resist with a void 2 formed by an exemplary embodiment of a 
photo-resist etch process. The layer 1 of photo-resistive film is arranged 
horizontally in an x-y plane, the direction of which is shown by the arrow 3. 
The void extends from the upper surface 4 of the layer to a depth 5 along the 
z-axis 6. The upper surface opening 21 of the void 2 has a cross-sectional 
area, in a horizontal x-y plane, which is larger than the cross-sectional area in 
an x-y plane of a medial portion 22 of the void 2. In an exemplary embodiment, 
a lower portion 23 of the void 2 has a cross-sectional area which may be equal 
to or greater than the cross-sectional area of the medial portion 22. 

[0018] In an exemplary embodiment, the layer of photo-resist can comprise a 
negative-acting photo-resist, such as one sold by Microchem Corporation 
under the name SU8 (an epoxide photo-resist) or a dry film photo-resist, 
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such as IJ 5000, which is manufactured by DuPont, or other suitable 
photoresitive film. The photo-resist can comprise any of a number of 
other negative photoresist materials that become insoluble in developing 
solutions after exposure to electromagnetic radiation including, for example, 
SINR-3170M, which is manufactured by Shin Etsu. 

[0019] In an exemplary embodiment of FIG. 1, the void may have an upper 
portion 24 which has a cross-sectional area that increases towards the upper 
surface and narrows toward the medial portion 22 of the void 2. The profile 25 
along the slope of the upper portion from the surface may have, for example, 
a generally parabolic shape (as shown in FIG. 1). Alternatively, the profile 25 
can have other shapes, for example, a generally conical shape. The lower 
portion of the profile has a cross-sectional area that increases toward the 
bottom or the lower surface. 

[0020] In an exemplary embodiment of FIG. 1, the layer 1 has an upper surface 
4 and a lower surface 41 . The void 2 has an upper surface opening 21 and a 
lower surface opening 42. The void may, for example, form an orifice 
(or nozzle) in an orifice layer, orifice plate or orifice structure of a fluid emitter. 
In an exemplary embodiment, the lower surface 41 of the layer 1 can define an 
upper boundary of a firing chamber in a fluid emitter, one example of which is 
an ink-jet print-head. The upper portion 21 can comprise a depression or other 
indentation, which acts as a counter-bore in the orifice. 

[0021] FIGS. 2A-2E illustrates an exemplary embodiment of a photo-resist 
etching process for forming a void with a surface depression in a layer of 
photo-resistive film. The layer can be prepared with a "soft bake" prior to 
processing, if desirable for a particular photo-resist. For example, a soft bake 
can be performed after application of a resist coating to remove solvent from 
the resist by evaporation; after the soft bake, the photo-resist comprises a 
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solvent free thermoplastic. In an exemplary embodiment, the solvent-free 
thermoplastic comprises SU8 with a glass transition temperature of 
approximately 55°C. Other resists may have different glass transition 
temperatures. The glass transition temperature is the temperature at which 
polymer transforms from a solid to a viscous liquid. The glass transition 
temperature may also be defined by the temperature at which the slope of the 
specific volume increases in a plot of specific volume versus temperature for 
the photo-resistive material. 

[0022] Referring now to FIG. 2A, portions of photo-resist layer 1 that are not 
covered by mask 8 are exposed to radiant energy 7. The exposure can be 
performed, for example, using an SVG Micralign Model 760 exposure tool. 
In an exemplary embodiment, the radiant energy 7 is monochromatic. In other 
embodiments, the radiant energy can include energy over a spectral range. 
In an exemplary embodiment, SU8 is photo-reactive over a range of 300- 
380 nm. Other photoresists can be photo-reactive over other ranges of 
wavelengths. In one exemplary embodiment, the mask 8 has a transmissive 
portion 81 which is substantially transparent to the radiant energy 7 and a 
non-transmissive portion 82, which is substantially opaque to the radiant 
energy 7. In an exemplary implementation, the mask 8 is a glass mask with a 
chrome reflective portion 82. In an exemplary embodiment, the mask is a 
projection mask, in which the radiant energy passes through a mask, 
through optics and is directed onto a wafer. In the case of a projection mask, 
the mask can be larger than the image of the mask projected onto the wafer. 
A projection mask can be a full wafer mask, for which the exposure pattern for 
the entire wafer is drawn on the mask, or a step-and-repeat mask, for which the 
exposure pattern for a portion of the wafer is drawn on the mask and the image 
projected through the mask is stepped across the wafer, exposing different 
portions of the wafer at different times. Any type of mask can be used that is 
operable with the particular photo-resist selected for a given implementation. 
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[0023] The mask 8 allows radiant energy 7 to pass through the transmissive 
portions, thereby exposing a portion 12 of the layer while leaving an unexposed 
portion 1 1 . The shape of the unexposed portion 1 1 of the photo-resist layer 1 
is defined by the shape of the non-transmissive portion 82 of the mask where 
the radiant energy is blocked from reaching the layer. In the exemplary 
embodiment depicted in FIGS. 2A-2E, the non-transmissive portion 82 has a 
substantially circular shape and a diameter in a range from about 20 um up to 
about 40 um. In this embodiment, the outline of the mask 8 in the x-y plane 
defines the shape, in the x-y plane, of the surface opening 21 (FIG. 2E) of the 
void 2 to be formed. For example, where a non-circular feature is defined by 
the mask, then the shape of the counter-bore has that non-circular shape. 

[0024] In an exemplary embodiment, the exposed portion 12 may receive a 
relatively low dose of radiant energy 7, for example, about 100 m Joules/cm 2 , 
or within a range of about 75-300 mJoules/cm 2 in an embodiment using SU8. 
The layer may be exposed using a lithographic exposure tool. In a particular 
application or embodiment, the dose depends, in part, on the tool being used 
and/or the wavelength of the radiant energy, the photoresist being used, the 
efficiency of the phoactive element in the resist, the desired shape, depth and 
other features of the counter-bore and bore to be formed. The desired 
conditions and parameters can be determined empirically based upon the 
above described parameters. In an exemplary embodiment, the desirable 
conditions and parameters are chosen to result in a well-formed round 
counter-bore that allows for a modulation of depth by changing temperature of 
subsequent PEB bakes only. For example, in the case of a layer of SU8 with a 
thickness in a range of about 8-30 um and exposures of about 100mJ/cm 2 , 
a PEB from about 85-120 deg. C results in counter-bore depths of between 
0.2 um and 3um. In this exemplary embodiment, the photo-acid is believed to 
be generated in the exposed portions 12 whereas no photo-acid is formed in 
the unexposed portions 1 1 . The amount of photo-acid generated is generally 
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proportional to the exposure dose. The exposed portions 12 meet the 
unexposed portions 11 at an interface 14 in this exemplary embodiment. 

[0025] In FIG. 2B, the exposed photo-resist layer 1 of FIG. 2A has been 
subjected to a post-exposure bake (PEB), during which cross-linking occurs in 
the exposed portion 12. A PEB can be performed, for example, using an SVG 
Series 86 bake track. During the PEB, there may be a transition period after 
cross-linking commences. During the transition period, it is believed that the 
cross-linking matrix in the exposed portions 12 transforms from a viscous liquid, 
to a gel, and finally forms a cross-linked three dimensional molecular network. 
In an exemplary embodiment, a PEB can last for as long as about 5 minutes. 
It is believed, however, that many of the structural changes and the onset of 
cross-linking typically occur during the first several seconds of the bake. During 
this transitional period, the interface 14 becomes an interface between two 
different materials where the thermodynamic conditions for mixing are met. 
The thermodynamic conditions for mixing are met where the materials in region 
11 and 12 are soluble in each other. The thermodynamic conditions are 
generally met where the PEB temperature is sufficiently high to permit diffusion 
of one or both of the materials across the interface 14. This is a balancing act 
between the temperature of the PEB and counter-bore exposure dose. Where 
the dose is too low, there may not be sufficient photo-acid produced in the 
polymer. This can result in little or very slow cross-linking in the exposed areas 
which in turn may result in an insignificant concentration gradient at the 
exposure interface which results in little or no diffusion across the interface. 
If the dose is too high, for example greater than 500 mJ, cross-linking can 
occur so quickly in a 90 deg. C. PEB that no counter-bore is formed. 

[0026] In an exemplary embodiment, a depression 15 forms in the surface of 
the photo-resist during a PEB. It is believed that this occurs, at least in part, 
due to diffusion 16 across the interface 14 from the unexposed portion 1 1 into 
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the exposed portion 12. Diffusion can also result in a slight swelling in the 
surface of the layer in the region of the interface. 

[0027] In an exemplary embodiment, PEB temperatures are selected to create 
a relatively high d iff usivity which decreases overtime as the cross-link density 
increases during the PEB. The PEB temperatures at which sufficiently high 
diffusivity exists can be greater than the glass transition temperature, for 
example in a range of about 80 to 120 deg. C. As monomer is consumed by 
the cross-linking reaction, a concentration gradient is created at the exposure 
interface 14 (relatively large groups of assembled monomer versus small 
groups or single units of monomer) setting up the thermodynamic condition 
required for diffusion. The temperature can also be selected so that the 
monomer has sufficient energy to diffuse in the polymer matrix. 

[0028] In an exemplary embodiment, suitable PEB temperatures are above the 
glass transition temperature and/or above the melting point of the photo-resist 
resin. The liquid polymer has relatively high diffusivity. As the photo-resist is 
heated, monomer is free to cross the exposure boundary in either direction. 
As time progresses during the PEB, the cross-linking reaction gels the exposed 
regions, making transport from exposed to unexposed areas more difficult. 
Transport of monomer from unexposed to exposed regions results in a net 
transport of monomer into the cross-linking matrix. This unbalanced transport 
of monomer results in a decrease in volume in unexposed regions. 

[0029] In an exemplary embodiment, the PEB for an SU8 photo-resist layer 
is conducted at a temperature within a range of about 80-120 deg. C. 
The temperatures should be selected to cause sufficient diffusivity at the 
interface 14 during the cross-linking transition period. Temperatures in the low 
end of a suitable range of temperatures may result in a depression with a 
shallower profile, whereas temperatures in the high end of a suitable range 
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may result in a counter-bore with a deeper profile. In an exemplary 
embodiment, depressions as deep as about 3 microns are formed. The depth 
of the depression can be modulated by controlling or varying exposure dose, 
shape of the mask and bake temperature. As time progresses during the PEB, 
the crosslink density in exposed regions increases to a point where transport of 
the monomer is limited by steric hindrance and no further shape change can 
occur. In exemplary embodiments, a radially symmetric exposure boundary 
can create generally parabolic or conical depressions 15. In one exemplary 
embodiment, a more conical counter-bore results from higher PEB 
temperatures, for example 100-120 deg. C for SU8. In another exemplary 
embodiment, a more parabolic counter-bore results from lower PEB 
temperatures, for example 80-1 00 deg. C for SU8. In exemplary embodiments 
with exposure doses lower than about 100 mJ/cm 2 , counter-bore shapes 
formed in SU8 can be distorted. It is believed that the counter-bore shapes are 
distorted at low exposure doses because the concentration gradient of 
crosslinked material across the interface is not well defined, resulting in less net 
diffusion of material from the non-cross-linked side toward the cross-linking 
side of the transition. Distortion is also believed to be caused where the light in 
a low exposure dose is extinguished in the orifice layer resulting in insufficient 
exposure at the deeper end of the orifice. 

[0030] In FIG. 2C, the photo-resist layer is exposed to radiant energy through a 
second mask 8'. In this exemplary embodiment, the non-transmissive portion 
82' is smaller than the non-transmissive portion 82 of the first mask 8 (FIG. 2A). 
In an exemplary embodiment/the mask 8' is arranged to expose portions of 
the layer that were unexposed in a prior exposure while other portions which 
were unexposed in a prior exposure remain unexposed. Those portions of the 
layer which were unexposed during a first exposure and which are exposed 
during a second exposure comprise a partially exposed portion 17. Those 
portions that are unexposed during a prior exposure and remain unexposed 
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during this exposure comprise, an unexposed portion 11'. The outline of the 
mask 8* in the x-y plane defines the shape of the narrowest portion of the 
medial portion of the void. In an exemplary embodiment, the medial portion 
can have a diameter of about 15 um. In this exemplary embodiment, 
the second mask 8' is arranged such that, in the x-y plane, the unexposed 
portion 11' is encompassed by or enclosed within the partially exposed 
portion 17. 

[0031] In an exemplary embodiment, the exposure may subject the partially 
exposed portions 17 to a dose which is higher than the dose received by the 
exposed portions 12 in a prior exposure. In exemplary embodiments, the 
partially exposed portions receive a dose in a range of about 600- 
2000mJoules/cm 2 , for example about 1000 mJoules/cm 2 . In an exemplary 
embodiment, the dose used to define the unexposed portion 11' is relatively 
higher than exposure energies in the first exposure of the portions 12, in order 
to limit diffusion of monomer from the unexposed portion 11' to the partially 
exposed portion 1 7 across the transition 1 4' during a subsequent PEB. This is 
believed to reduce distortion of the depression by providing for quicker cross- 
linking in the partially exposed portions, resulting in less diffusion from the 
unexposed portions to the partially exposed portions across the interface 14'. 
The total dose received by the exposed portions 12 during both exposures is 
greater than the total dose received by the partially exposed portions 17. 

[0032] In FIG. 2D, the exposed photo-resist layer has been subjected to a PEB. 
In an exemplary embodiment, the temperature of the PEB is in a range of 
about 80-120 deg. C, for example about 90 deg. C. Using too low of a 
temperature may increase the variability in the final product. Using too high of 
a temperature may generate undesirable stresses in the photo-resist. 
However, the particular temperatures used in a particular embodiment can 
depend on the materials being used, the structures being formed and the 
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applications for which the products are to be used. Cross-linking occurs in the 
partially exposed portion 17 during the PEB. Diffusion 16* is also believed to 
occur across the transition 14' causing a depression 15' at the upper surface of 
the unexposed portion 11. In an exemplary embodiment, the cross-linked 
material in the partially exposed portion 17 along the transition 14' defines 
interior walls of the lower portion of the void to be formed. 

[0033] In FIG. 2E, the layer 1 has been developed, for example using a 
solvent. In an exemplary embodiment, the solvent comprises at least one of 
ethyl lactate, diacetone alcohol or n-methyl-2-pyrrolidone or other solvent 
suitable for the particular photo-resist being used. The solvent removes the 
unexposed portions 1 1' (shown in FIG. 2C), leaving a void 2 in the photo-resist 
layer 1 . The void 2 comprises a lower portion 23, a medial portion 22 and an 
upper portion 24. In FIG. 2E and other figures herein, the lower portion is 
shown with parallel sides by way of example only. It is understood that in 
exemplary embodiments, the lower portion may widen toward the bottom or 
toward the lower surface. In an exemplary embodiment, the layer 1 is disposed 
on top of a layer of other material during processing. In an exemplary 
embodiment, the layer of other material is positioned in spaces in the barrier 
layer of a fluid emitter, for example material 94 filling the space where a firing 
chamber of a fluid emitter is to be formed (FIG. 6A). The material 94 is soluble 
in a solvent and can be removed during development (FIG. 6B). 

[0034] It is appreciated by those of skill in the art that, in this and other 
embodiments, the dose absorbed by a portion of photo-resist may be the 
effective dose, namely radiant energy sufficient to generate sufficient 
photo-acid to create the conditions for forming the structures described herein. 
The effective dose may not be the total dose of energy incident on the 
photo-resist based on the intensity of the radiant energy. For example, where a 
photo-resist is more reactive to light in certain wavelength range and less 
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reactive to light in another wavelength range, the effective dose can be 
determined by the distribution of radiation intensities throughout the range of 
wavelengths that generates photo-acid. For a given amount of radiant energy, 
a distribution that is weighted with more energy in wavelengths which generate 
greater amounts of photo-acid will provide a greater effective dose than a 
distribution which is weighted less heavily with photo-acid generating 
wavelengths. The dose, or effective dose, sufficient to generate sufficient 
photo-acid to create the desired void-forming conditions can be provided by 
any wavelength distribution that generates the desired amount of photo-acid. 
Increasing the dose may mean increasing the intensity of photo-acid generating 
wavelengths in any of these distributions. A particular wavelength distribution 
can be achieved by wavelength filtering a particular source of radiation or 
tuning the output of the source or selecting a different source. 

[0035] FIGS. 3A-3C illustrate a further exemplary embodiment for forming 
avoid 2 in a layer 1 of photo-resist using an exposure step. In FIG. 3A, 
the photo-resist layer 1 is exposed to radiant energy 7 through a mask 8. 
The mask has a transmissive portion 81, a partially transmissive portion 83 
and a non-transmissive portion 82. The transmissive portion 81 permits radiant 
energy 7 to expose an exposed portion 12 of the photo-resist 1 . The partially 
transmissive portion 82 is partially transparent to the radiant energy, permitting 
some radiant energy to pass while blocking some radiant energy. The partially 
transmissive portion 82 permits some radiant energy to partially expose a 
partially exposed portion 17 of the photo-resist 1 . The partially exposed portion 
17 receives a lower dose than the dose received by the exposed portions 12 
received through the transmissive portion 81 . The non-transmissive portion 82 
blocks radiant energy, leaving an unexposed portion 1 1 of the photo-resist 1. 
In an exemplary embodiment using SU8, the transmissivity of the partitially 
transmissive portion 82 is in a range from 5% to 50%. In an exemplary 
embodiment, the transmissive portion 81 permits radiant energy of a specific 
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wavelength or range of wavelengths to pass. The photo-resist can be selected 
such that the photo-resist in the first portion will receive a dose sufficient to 
generate sufficient photo-acid to form the void described herein. The partially 
transmissive portion permits radiant energy of a different specific wavelength or 
range of wavelengths to pass. The photo-resist can be selected such that the 
photo-resist in the second portion will receive a dose sufficient to generate 
sufficient photo-acid to form the void described herein. 

[0036] In FIG. 3B, the exposed photo-resist of FIG. 3A has been subjected to a 
PEB. In an exemplary embodiment using SU8 photo-resist, the PEB is 
conducted in a range from 80-120 deg. C and lasts for up to about 5 minutes. 
During the PEB, diffusion 16 is believed to occur across an interface 14 
between the partially exposed portion 17 and the fully exposed portion 12 
and diffusion 16' is believed to occur across an interface 14' between the 
partially exposed portion 17 and the unexposed portion 11. The diffusion is 
believed to cause the depression 1 5 to form in the partially exposed portion 1 7 
and to cause a depression 15' to form in the unexposed portion. In an 
exemplary embodiment, the process parameters can be selected to minimize 
the amount of diffusion 1 6' while maximizing the amount of diffusion 1 6. 

[0037] In the exemplary embodiment of FIG. 3C, the photo-resist layer 1 has 
been developed, thereby removing any remaining material from the unexposed 
portion. The resultant void 2 comprises a lower portion 23, a medial portion 22 
and an upper portion 24. The void 2 extends from an upper surface opening 
21 at the upper surface 4 to a lower surface opening 42 at the lower surface 
41 . In an exemplary embodiment, the thickness of the layer 1 is within a range 
of about 8-30 um. The thickness could also be thinner or thicker. 

[0038] In a further exemplary embodiment, illustrated in FIGS. 4A-4D, a void 
with a surface depression is formed in a photo-resist layer without performing a 
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PEB after a first exposure. In FIG. 4A, a photo-resist layer is exposed to 
radiant energy through a mask 8. The mask has a non-transmissive portion 82 
and a transmissive portion 81. The transmissive portion permits radiant 
energy to pass, thereby exposing the exposed portion to radiant energy 7. 
The non-transmissive portion blocks energy from passing, thereby leaving an 
unexposed portion 11. 

[0039] In FIG. 4B, the photo-resist is exposed to radiant energy 7 through a 
mask 8' with a transmissive portion 81' and a non-transmissive portion 82'. 
The transmissive portion 81 ' permits radiant energy to pass, thereby exposing 
the exposed portion to additional radiant energy and exposing to a partially 
exposed portion to radiant energy. The non-transmissive portion 82' blocks 
radiant energy, thereby leaving an unexposed portion 11'. In an exemplary 
embodiment, the dose is in a range from about 100-2000 mJ/cm 2 . The photo- 
resist was not subjected to a PEB after the first exposure. In an exemplary 
embodiment without a PEB between exposures, the mask sequence may be 
reversed. 

[0040] In FIG. 4C, the photo-resist has been subjected to a PEB. During the 
PEB, diffusion 16 occurs across an interface 14 between the partially exposed 
17 portion and fully exposed 12 portion and diffusion 16' occurs across an 
interface 14' between the partially exposed portion 17 and the unexposed 
portion 11. The diffusion causes a depression 15 to form in the partially 
exposed portion 17 and a depression 15' to form in the unexposed portion. 
In an exemplary embodiment, the process parameters can be selected to 
minimize the amount of diffusion 16' while maximizing the amount of 
diffusion 16. 

[0041] In FIG. 4D, the layer has been developed, thereby removing any 
remaining material from the unexposed portion. The resultant void 2 comprises 
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a lower portion 23, a medial portion 22 and an upper portion 24. The void 2 
extends from an upper surface opening 21 at the upper surface 4 to a lower 
surface opening 42 at the lower surface 41 . 

[0042] FIGS. 5A, 5B and 5C are process diagrams which illustrate exemplary 
embodiments of the processes illustrated in FIGS. 2A-E, FIGS. 3A-C and 
FIGS. 4A-D, respectively. In the exemplary embodiment of 5A, a layer is 
subjected to a first exposure 100 through a first mask, a first PEB 110, 
a second exposure 120 through a second mask, a second PEB 130 and is 
developed 140. In the exemplary embodiment of 5B, a layer of photo-resist is 
subjected to an exposure 101 through a mask, the mask having a non- 
transmissive portion and a partially transmissive portion, subjected to a PEB 
131 and is developed 141. In the exemplary embodiment of FIG. 5C, a layer of 
photo-resist is subjected to a first exposure 102 through a first mask, a second 
exposure 122 through a second mask, a PEB 132 and is developed 142. 

[0043] It is understood that a mask can comprise a plurality of non-transmissive 
portions and/or partially transmissive portions, corresponding to a plurality of 
voids and depressions to be formed in a layer of photo-resist. In an exemplary 
embodiment, the plurality of voids and depressions can correspond to a 
plurality of and/or an array of bore-holes (or nozzles) with counter-bores in a 
fluid emitter, such as an ink-jet print head. 

[0044] FIG. 6A illustrates an exemplary embodiment of a photo-resist layer 
disposed on a surface 91 of an underlying layer 9 prior to forming any voids. 
The photo-resist layer can comprise an orifice plate or orifice layer 1 of a fluid 
emitter, such as an ink-jet print head. The underlying layer 9 can comprise a 
barrier layer (or chamber layer) 9 of a fluid emitter. The barrier layer 9 may 
comprise cross-linked photo-resist 92 defining a chamber 93. The chamber 93 
or chambers can comprise, for example, a firing chamber, a fluid channel or 
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the like. The chamber 93 may be filled with a filler 94. In an exemplary 
embodiment, the filler 94 is soluble and is dissolved during development of the 
photo-resist layer (or orifice layer) 1 . In an exemplary embodiment, the filler 
may comprise photo-resist or photo-resist resin. In an exemplary embodiment, 
the filler comprises PMGI (polymethylglutarimide), manufactured by Microchem 
Corporation. The barrier layer 9 is disposed on the surface of a substrate 1 00. 
In an exemplary printhead, a thin film layer (not shown) comprising electrical 
circuitry and heating resistors for a fluid emitter is can be located on the surface 
101 of the substrate 100. Those features are omitted here for clarity. 

[0045] FIG. 6B illustrates the exemplary embodiment of FIG. 6A after a 
void 2 has been formed by photo-etching in the layer 1. In an exemplary 
embodiment, the chamber 93 can comprise a firing chamber of a fluid emitter 
such as an ink-jet printhead. 

[0046] FIG. 7A illustrates an exemplary embodiment of a photo-resist layer 1 
prior to forming a void in the layer 1. The layer 1 is a surface portion of a 
thicker layer 20 of photo-resist material disposed on the surface 101 of a 
substrate 100. The layer 1 can defined by the depth to which the thicker layer 
20 becomes exposed during the exposure or exposures 100, 101, 102, 120, 
122 (FIGS. 5A-C). Below the layer 1, a sub-surface portion 201 remains 
unexposed, even after the exposure or exposures. The thicker layer 20 may be 
subjected to preliminary processing (prior to the exposures 100, 101 , 102, 120, 
122 (FIGS. 5A-C)) to form cross-linked portions 202. The edges 203 of those 
cross-linked portions may define the walls of a chamber to be formed during 
development. 

[0047] FIG. 7B illustrates the exemplary embodiment of FIG. 7A after 
photo-etching a void 2 in the layer 1 . A chamber remains where the unexposed 
sub-surface portion 201 was removed during development. 
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[0048] The layer 1 may be laminated onto or spun onto the substrate 5. In an 
exemplary embodiment, the layer may be prepared with a soft bake. In an 
exemplary embodiment, the soft bake can be in a range of 80-120 deg. C for 
about 15 minutes. 

[0049] In an exemplary embodiment, an existing process for making 
bore-holes without counter-bores can be modified to provide bore holes with 
counter-bores. The number of steps added to the nozzle-forming process can 
depend on the particular embodiment employed. The technique is transferable 
to a variety of existing processes. 

[0050] In an exemplary embodiment, a process for forming voids without 
photo-etched surface depressions comprises a patterned exposure, a PEB and 
a development This embodiment could be changed by adding an additional 
exposure (FIG. 5C) or an additional exposure and an additional PEB (FIG. 5A), 
or by changing the mask used in the exposure (FIG. 5B). 

[0051] Exemplary embodiments of the processes and methods discussed 
herein can form counter-bores with a depths in the range from -0.1 to at least 
3.5 urn deep. Counter-bores with a negative depth (in other words which 
protrude upward from the surface) may be formed in exemplary embodiments 
with relatively small counter-bores, for example, with a diameter of about 
20 um, where the dose received in the counter-bore region is relatively low, 
for example in a range of about 1 00-300 mJ/cm 2 , and where the dose received 
by the bulk of the resist is relatively high, for example in a range of about 
1000 mJ/cm 2 . Control over counter bore depths can be achieved by 
modulating counter bore diameter, bake temperatures, or both. Counter bore 
depth is predominantly controlled by the counter bore exposure dose 
(Exposure 100, 1 01, 102 (FIGS. 5A-C)) and the subsequent counter-bore PEB 
(PEB 110, 131, 132 (FIGS. 5A-C)). 
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[0052] It is understood that the above-described embodiments are merely 
illustrative of the possible specific embodiments which may represent principles 
of the present invention. Other arrangements may readily be devised in 
accordance with these principles by those skilled in the art without departing 
from the scope and spirit of the invention. 



